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Abstract — As the regulation of total phosphorus (T-P) concentration in biologically treated sewage effluent is
reduced to 0.2~2 mg/L, flocculation process is recommended to remove T-P. In this study, the performance of Ti-
salt coagulant was investigated in terms of dosage and pH in removing phosphorus and the collected sludge after
Ti-salt flocculation was calcined to produce titania for effective sludge recycling. The flocculation performance
was carried out using two methods: sedimentation and air floatation. Both methods were feasible to apply for Ti-
salt flocculation. Ti-salt flocculation was effective in reducing phosphorus concentration in sewage effluent, which
showed similar performance of alum (Al,(SO,);). The calcined sludge was recycled to titania which is the widely
used metal oxide. Titania produed from Ti-salt sludge indicated similar charateristics of commercially-available P-
25 in regard to photocatalytic activity and surface area. Therefore, this can be easily adopted to titania application
by replacing P-25.

Key words: Phosphorus, Ti-salt Coagulant, Wastewater, Sludge Recycling, Titania

*To whom correspondence should be addressed.
E-mail: jonghkim@chonnam.ac.kr

fo] =F-e Aytisty AT wHe AdE 7Idste] Fus st

257



258 A - - ol - okt - 4

Q12 A Fo| TS B4 QikPO) FElE B &

of] EANSTH1,2]. B3] 52 AellA 77173 21, #7174 <1, A <!

o FEEY, o]5S T3] <] (Total-phosphorous, T-P)olzt

ST}, 12 A1) Aol Br2lQl QA0 Frt oA H
=

RBE 0] 27 5
H,
[e]

g8t T-P WiE3E 7155 st
~4 mg/L o]3lelA] HHA HE
0.2~2 mg/L ©|3}2 WM. 53] 407} 792 s 2 A e
o] 7St 0.2 mg/L o8k o Z3}=|Sict. ol 3
el Q1S AASH: o R dFEY, Y 52 AR 9]
Sk sl A7 Wi AESEH A7 W 5ol 481 9l
o}, 3}y A2 A3t 1 AA WHL dFuEdolnt HES 9]
4310 Fakdzt 1E 5| hpE thE Felo] Qlog A AA

-
ol
N
_AN_',
L)
ofo
ol
3
Bu
N
AN
o
M HU

HE 2P| fleliMe AESH A2} skekA A7) e o]
of gt} AREAR] A2 oAM= AEsH] Aee Skl sk ¥
= F7leto] Qle AAsh= w2 AEekaL glor, ol g Al
vl sl A3} bt 4 slel wek oAzt ol
SR e ek AAH0 R el Fgelis AR e
g} sheh] Aels Haysto] TP 0.02 mg/L, &3] A0 7
(Biochemical Oxygen Demand, BOD) 1 mg/L, 3}5+4 Ak Qe
(Chemical Oxygen Demand, COD) 5 mg/L J=714] 48 A
71E Ao dEA ok S| o] srEEA el
Q18] T A ot 719 QA MilE VIS ABESHA Aert

T4 7152 23] 213 Algle FHEITHS). sHAIRE o] gt

H3E A flsle] slekA] AeeAdE SAs =
2 72] EAHe] WAlskA Floh A 02 2|7} Attt
stela] Aol AQE= oFF ulE, B uX] SRR e o
T ofgH] 9l SeiA] Aeu]go] ek, o3 kA 0 2= 1 AIAE
flste] FYHE oRgell gJgt EeiAlol 23 = T Aol Tt
k= Zlojrt.

AA shrEA Ao WSk iR SeAlE ST 1Y
w07 Aefskar ik, s, sl 1e] Aol =A%
oFe] Jato] 1 wjEo] HAF AlgkE]a glom, Rkl AW 5
= oot wahx] @A S mlEE = SuAE Sl AR A
glstoiof it} sl EeiRe] §4F A WS A vl A
807 HFzd A0 = ogdrt. o]FA HH EuiX] Aege] 5
7holl 2t £elA] A W77t AdsaiAl vk webs Q1 AAR 1
sk el 9] T7k= Bk W@ 0]8- o] | yte]] glvt, Bt Q)
AAE Ysto] FYE= GRE 0= A3t SEjK|of| L= FHEH
S Ay AZE-S ks & = ek 53] <l AAE Hlstked
7Hg wo] ARE-E= Alum, PAC (Polyaluminium chloride) 5] &
g AGe] SHAES oA d=stolH W 55 fUskAY

Korean Chem. Eng. Res., Vol. 51, No. 2, April, 2013

=

AL EA ) sk SR A Al e
sl flsto] 71 SRS UAIE 5 Sl RO R HE &
A AT vk THS). B9 SIS ARSShE 7 = Sl
ek ke ] oR AAE Qe Ao dHA glom, W
Aoh= SeiAoll 23 Ble TS A8kl AstE RS Ahtet
= Slek. sHAIRE oY gk A-E0] el /1S FYJskal o] E
dow AS WA AP 0w A A AE o= s of
Hot.

w2 A AR skees A el Y] etk AEaE Al
B2 5o Bl| 5, pH 52 1A} Q1 AlA ¢l vl S0l o
ato] AEsiglon, o] Falo] ARl 28 kst A AlA =4
= EESISITh BES AR dgell 71 ol AR A A
Ao 71 Azl Heels 86t A Al ag 8l &
A &8 7FsdE wAsisinh

2.4 ¥

A3l oA X128t Jar BIAESL AA Sl ol A K1t
AGEHAES AABIGIT A5+ Ha7d ol fIxIek C skt
A& G2 GAS Aol X8 S SlrFdA 2ol AESE A
TE FTste] ARE3IGITE Al ARE-gl Alum o]gMite] A%
S % AL(SO,)8 Tl 12%e]H, RS ()8 2] TC-20
AFEOZ TiCl, T3] 20%]tt. Jar HIAEE AR 2 LE H|o|A|
ol Alum =5 ElehdS FRI8KL Jar testerol 4] 100 rppm 2 13+
ZF F4 wRHkslaL, 30 rppm o2 107 9 wikel & A5 ls A
o). 34 A52] A=) thete] pHYF T-PE S48 oM, TP
=742 Standard Method (digestion & stannous chloride method)]]
we} FAEATH9]. B2l wel AlSE Glass Fiber Cloth (GFC)
0.4 pm)Z A3 AJEZ A FE=E FG3IY. Alum¥} EJgkd
(TC-20)2] T4 HPA7|HA APS W3S, 7t o] F
e F-a ke (mh)E Fegsolch. EEINES 71z EA]
i e TAuge] A9 AXE 7E dulE 283810 AFse]
ok Az 429 S skrgE A gl Aol 37 RS
ARgEte] ZEEolTE, 71 A e E]Adn] o] 852 6,000 mY/
dayolH, 374 st o] §552 24 m/dayolth. ALEHAE
AEE Jar HIAE A|E8} FUS YRS pHe} T-PE 573131
C 3T LAede] Aol 13E FUFCE 4 FU HAES
Z8yselon, § slF A2 el A3 HUAFE AaloMs T
S i WA 1A 2N 9Lzt BIAES R8st
71EA el BESshs 22xdolx] AE EeAE 300 °colA g
10% W|97kA] A3} A%E}, 2 °C/min $EE 23 LE7HA] 58
3kaL, 4AIRE At 311

AR E B8 Hitachi A} S-4700 F99] SEM/EDX H]| 2 £
afo] A s GRIsIion, A A 5E IRl fleh A
A Fako] Lz HAL8- CuKo X-A(0=1.54056A )7} Ni-filterS A
3k XA 3852 7](X-ray diffractometer; Rigaku, D/MAX Uitima
D 40 kAS} 40 mA Z7olA XA A AES 150

FEv] DS 7k flste] A ARk 174 RE371(220
x125x80 mm)®} 7| A T 2w HE 12} 3 (Gas-chromatograph, HP-5900)=-
o] gsle] oPELB| = FA AR Aes SHATHS]. 71414




SEARge) Q1 Al Eel S A8 W Lol ARE 259

ZrETH= FID (Flame lonization Detector) %719} HP-5 2
Ho 7 PRI ZAAvtE T Ee) S 20T FHe 7
ZH0] L= 250°C, B2 40 °CollA 60 °C7EA] 5 °C/min, 100 °C
7HA] 2 °Cming] S & A38Ict G5l 0.5 g& SEAl
S HA RES7] el Wil ol 71191 ol EYH| 3] = (Fox-
chemicals, 99.9%)8 13| FZAIZ] F, o ELH S =E 2,000
ppmv T3k, A7l 2 o ELE| = EA ¥F9] A A
T2 F3u eE At S22 0kg7] 2] oHEL S
T ol S kg w7 (AR H ), el 2] &
W 35 UV (10 W blacklight 27}, Sankyo Denki)Z # % 200%-
S Sl AL F9) Al 9472] pH 24> AAEHA] &
kow, 27 Fjake] A% W &4 2L 7 de 28 715l
ko] AAIEI3IT).

3-1. CHAMH jar test 21} 3 EM

S Sl EA B ol F5sk e A2l A2 pHE 6.44,
T-P 551 1.49 mg/LATE 37100 Alum¥} EJ€k3-E- 0.08, 0.10, 0.15
mULE FR1S 2dste] 43S AAlEIIt Fig. 19 Alum} E]
EHolo] FQleke] e T-P w55 FEERlth. 0.1 mI/L F8lekls
o] Elgkdol A TP 5% 0.30 mg/L, AlumolAl= 0.22 mg/L3ATh.
FU%E 015 mULE =ol¥ EJgielA T-P 55+ 0.12 mg/L,
Alum 0.13 mg/L3JTE. 2k7Ee] 5% 2o li= 9oLt Alum¥) EJ§HRI 2]
A AA T&L FARBIRIL. S sl 22 32] sld T-P ullE 7]
20 02 mg/LE T3] $eiME Alum¥} EJ|RS B 0.1~0.15
ml/L A52] S-4A12] FJo] s}, Fig. 200 A F ol
w2 pHO| W3S BT} pH 6.442) Yol S-F A 0.15 ml/LE &
olald EJerade] 749 pH 6.17, AlumS pH 6.162.% SolAch, &t
FEUA ] 2P 2 P9AA pHE] F41E $13l pH 6 13k
oM 7MdathE Tt pH 248 AAsH=l, Alum} ElEE
5 pH 6 o)ds ERjo] 7P Ate] 91 H sk gkt

C kA e A= Al teid s S skrxe)d 4
B34 Aol FUst W oz A3S 2SI C S51A
o] AESHA Ae4=2] pHE 6.76, T-P S5 041 mgLolSith.
Elgked 12k w2 TP 58} pH W3lE Fig. 39} Fig. 4o UE}

0.40

Q 0.38 ——TC-20
.37
0 —O—Alum

3 030

o

g

A

= 020 r

=

; 0.10

-

0.00 .
0.05 0.1 0.15

Dosage of coagulant (inl'L)

Fig. 1. T-P removal with different Ti-salt concentrations in S wastewater
treatment plant.
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Fig. 2. pH variation with different Ti-salt concentrations in S wastewa-
ter treatment plant.
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Fig. 3. T-P removal with different Ti-salt concentrations in C waste-
water treatment plant.
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Fig. 4. pH variation with different Ti-salt concentrations in C wastewa-

ter treatment plant.
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Table 1. Surface areas of the collected sludge with different temperatures
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Table 2. SEM/EDX results of titania produced from Ti-salt flocculated
sludge in S and C wastewater treatment plants

Weight (%)
Element
S wastewater C wastewater
C 2.8 1.8
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Al 0.4 4.0
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Fig. 10. Photocatalytic activity test using titania produced from Ti-salt
flocculated sludge in S wastewater treatment plant and P-25.
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Fig. 11. Photocatalytic activity test using titania produced from Ti-salt
flocculated sludge in C wastewater treatment plant.
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